The aim of this study was to improve the definition and identification of a group of veterinarily important bacteria referred to as the [Pasteurella] 
[Pasteurella] aerogenes was established as a species in 1974 (McAllister & Carter, 1974) and subsequently included in the Approved Lists (Skerman et al., 1980) . The species has been excluded from Pasteurella sensu stricto on the basis of genotypic studies, which is the reason for enclosing the genus name in brackets (Mutters et al., 1989) . Presently, [P.] aerogenes seems rather heterogeneous. Twenty-three biovars were reported by Bisgaard (1993) and five DNA clusters outlined by Böhme (1993) . Four additional biovars have subsequently been outlined. The species was initially isolated from the intestines, kidney and nose of necropsy specimens from piglets and young swine in the USA and found associated with diarrhoea and other bacterial infections (McAllister & Carter, 1974) . Only a single isolate of [P.] aerogenes from a pig fetus was considered as a primary pathogen in the first report (McAllister & Carter, 1974) . Later on, Fodor et al. (1991) also reported the bacterium isolated from a pig fetus in Hungary. The origins of pig isolates from Belgium were in accordance with the initial description; however, the bacteria were also reported from vaginal exudates of sows (Hommez & Devriese, 1976) . In the 1990s, it was concluded that most isolates of [P.] aerogenes were obtained from pathological lesions and that the ecology of the species was poorly known (Bisgaard, 1993) . More recently [P.] aerogenes has been identified from human infections related to pig bites (Lindberg et al., 1998) .
rRNA-DNA hybridizations have shown that [P.] aerogenes was most closely related to Pasteurella multocida (De Ley et al., 1990) . This relationship was not confirmed by 16S rRNA phylogenetic analysis, since 16S rRNA phylogenetic analysis of the family Pasteurellaceae showed that [P.] aerogenes, [Pasteurella] mairii and [Actinobacillus] seminis formed a monophyletic unit defined as the Seminis cluster (cluster 14) (Olsen et al., 2004) .
[P.] mairii (Bisgaard taxon 19) was proposed as a separate species by Sneath & Stevens (1990) . The species was named on basis of nine strains isolated from pigs and one strain isolated from a prairie marmot (Sneath & Stevens, 1985) . Previous studies found [P.] aerogenes and [P.] mairii to be related by DNA-DNA hybridization at 46 % DNA reassociation (Mutters et al., 1985) . [P.] mairii has also been suggested to be excluded from Pasteurella sensu stricto (Mutters et al., 2004) .
[Actinobacillus] rossii was established by Sneath & Stevens (1990) on the basis of an unnamed bacterial taxon represented by 10 strains isolated from pigs (Sneath & Stevens, 1985) , including four strains originally described by Ross et al. (1972) . [A.] rossii could only be separated unequivocally from [P.] aerogenes by acid production from sucrose according to their descriptions (Sneath & Stevens, 1985 Olsen et al. (2004) found strains MCCM 01550 and MCCM 01551 (listed as P.sp.2 and 1989-5477, respectively, in Table 1 ) to be related to the type strain of [A.] rossii in accordance with the present study despite their phenotypic identification as [P.] aerogenes. 16S rRNA phylogenetic analysis also showed that the type strain of [A.] rossii was closely related to [Actinobacillus] porcinus (Christensen et al., 2003) . Further studies of virulence and pathogenicity are dependent on an improved classification, including a correct identification of [A.] rossii.
The RTX toxin (pax gene) was found in four strains of [P.] aerogenes isolated from aborted or young piglets. All strains with the pax gene showed more than 99?6 % similarity to the type strain of [P.] aerogenes as inferred by 16S rRNA gene sequence comparison. These strains were haemolytic on sheep-blood agar and CAMP-positive, whereas haemolytic activity was not observed in strains without the pax gene (Kuhnert et al., 2000) . Unfortunately, previous descriptions of [P.] aerogenes do not include CAMP-test data, and bovine blood was used rather than ovine blood. Another representative of the RTX toxin family was found in the type strain of [A.] rossii (Schaller et al., 2000) . Both genes showed similarity to the apxII and apxIII genes of Actinobacillus pleuropneumoniae. The RTX toxins of these organisms might represent a major virulence factor; however, further studies of their impact on pathogenicity and phylogenetic relationships remain to be performed. Such studies of virulence and pathogenicity have to await improved classification and identification of these organisms. 
Bacterial strains and phenotypic characterization
Eighty-nine strains including reference strains were selected for the study based upon previous reports on phenotypic (Bisgaard, 1993) and DNA-DNA hybridization (Ursing, 1981; Böhme, 1993 ) data (Table 1) . Further phenotypic characterization was performed according to Bisgaard et al. (1991) ] seminis were included. Cells were cultivated in brain heart infusion broth (Difco) and DNA was isolated as described by Christensen et al. (1993) . DNA was dried and redissolved in water of Millipore quality and the concentration was determined by spectrophotometry (GeneQuant; Pharmacia Biotech). PCR amplification was performed by the Ready-To-Go RAPD analysis kit (Amersham Biosciences) as described previously (Dziva et al., 2001) . Primer three (59-GTAGACCCCGT) was selected for the study to give few and distinct bands on the basis of Accession numbers in bold indicate sequences determined in this study. In the column headed DNA-DNA, + indicates that DNA-DNA hybridization has been performed with the strain. In the column headed RAPD, I-VI refer to the RAPD profiles shown in Fig. 1 
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16S rRNA gene sequence analysis of 23 strains (Table 1) was performed as outlined previously (Angen et al., 1998; Kuhnert et al., 2000; Christensen et al., 2002) . These analyses were performed in different laboratories by common cyclesequencing protocols. Strain BA436.5 was found difficult to analyse because of inter-operon differences.
Searches for 16S rRNA gene sequences were performed by BLAST (Altschul et al., 1997) at GenBank. Pairwise sequence comparisons were performed by BESTFIT (Wisconsin Sequence Analysis Package, GCG) and multiple alignments made by PILEUP (GCG) . Maximum-likelihood analysis was performed by fastDNAmL including bootstrap analysis (Felsenstein, 1981; Olsen et al., 1994) on a Linux-compatible server. Maximum-parsimony analysis was performed by PHYLIP (Felsenstein, 1995 (Christensen et al., 2003; Olsen et al., 2004) . Strain BA597.9 of biovar 20 was found to be variable in haemolysis, but showed a positive CAMP reaction and was 98-100 % similar in the 16S rRNA sequence to strains of Mannheimia varigena (accession nos AF053893, AF053899, U57076).
DNA-DNA hybridization
DNA-DNA hybridizations between 10 strains in nine pairs were performed according to the spectrophotometric method as described previously (Mutters et al., 1985) . Further data on DNA-DNA hybridization were reported by Böhme (1993) (spectrophotometric method) (Fig. 3) .
The relationship with biovars 16, 18 and 20 and the relatedness between these biovars was at most 37 %, confirming the misidentification of these strains, since 16S rRNA gene sequence analysis showed that strains of these biovars were closely related to A. equuli subsp. equuli, taxon 10 of Bisgaard and M. varigena.
Emendation of the descriptions of [P.] aerogenes, [P.] mairii and [A.] rossii
Strains characterized by 16S rRNA gene sequence comparison, DNA-DNA hybridization as well as strains grouped by the RAPD analysis were all characterized phenotypically. arginine dehydrolase, lysine decarboxylase and phenylalanine deaminase were negative. The three species were gelatinase-negative and did not hydrolyse Tween 20 or 80. Pigment was not formed. Acid was not produced from meso-erythritol, adonitol, xylitol, (2)-L-xylose, dulcitol, reported for A. equuli. Only differences in phosphatase and formation of gas from glucose separate taxon 10 from A. equuli sensu stricto. For the same reasons, biovar 18 might be regarded as a (2) Lester et al., 1993; Lindberg et al., 1998) , although their phenotype was also reportedly related to that of taxon 6 of Bisgaard (Bisgaard et al., 1983) , a taxon otherwise isolated only from guinea pigs. In addition, taxon 6 of Bisgaard could not be separated phenotypically from biovar 17 in the present study. Finally, the SP group strains MCCM 00489 and MCCM 02119, which are phenotypically related to Bisgaard taxon 6 (M. Bisgaard, unpublished results), showed polyamine patterns related to [A.] rossii, with 1,3-diaminopropane dominance of around 92 % (Busse et al., 1997) . The identification of a strain of biovar 17 of [P.] aerogenes by 16S rRNA gene sequence comparison as a misidentified strain of taxon 10 of Bisgaard could indicate that the human isolates might also belong to this taxon, since 98?9 % similarity was reported between strain JF2423
(=P.a.3) of the present study and taxon 6 of Bisgaard. Exactly the same 16S rRNA gene sequence similarity was found between taxa 6 and 10 of Bisgaard.
Ribotyping (RFLP with EcoRI probed by 16S-23S Escherichia coli rRNA) of 20 of the strains in the present study was able to separate the strains into groups with similarity to [P.] aerogenes or [A.] rossii as well as separating the divergent biovars 16, 17, 18 and 20 (M. Bisgaard, unpublished results) . Previously, ribotyping with the application of EcoRI was reported by Lester et al. (1993) . Five of the strains investigated in the present study (P591 of biovar 10, P592 and P593 of biovar 11, P595 of biovar 6 and the type strain P634 T of [P.] aerogenes) belonged to two clusters related at 57 % similarity only. Strains of biovar 10 and 11 were related to the type strain of [P.] aerogenes at 92 % similarity, while the strain of biovar 6 (shown to represent [A.] rossii in the present study) clustered at 57 % (Lester et al., 1993) . In the present study, strains of biovars 10 and 11 showed 99?8 % 16S rRNA gene sequence similarity to the type strain of [P.] aerogenes, whereas biovar 6 was related to the type strain of [P.] aerogenes with 95?1 % similarity only. It can be concluded that ribotyping with EcoRI is a reliable tool for separation of isolates related to either
Based on the present emended description of the three species [P.] aerogenes, [P.] mairii and [A.] rossii, it would be tempting to re-evaluate published phenotypic data by Ross et al. (1972) , Sneath & Stevens (1985) , McAllister & Carter (1974) and Fodor et al. (1991) on these species. However, such a comparison is difficult for several reasons. First of all, methods might differ slightly. As examples, an important character such as b-haemolysis depends on the type of blood (bovine or ovine) and medium used, including pH (M. Bisgaard, unpublished observation). In addition, the outcome of the phosphatase test seems to depend on the type of test used (see Table 3 ). Another problem is that the original data do not include results for single strains, which is a precondition for clear-cut comparisons. Ward et al. (1998) reported on equine isolates of [P.] mairii; however, the strains differed in trehalose, lactose and salicin according to the present description of [P.] mairii. For the same reasons, identification of isolates of [P.] mairii from horses should be questioned unless genetic data confirm their classification. (Mutters et al., 1985) , with a genome size of 1?6-2?0 GDa (Mutters et al., 2004) . The DNA G+C content of the type strain of [P.] mairii was 43?4 mol% and the genome size 1?9 GDa (Mutters et al., 1985; Piechulla et al., 1985) , and the DNA G+C content of the type strain of [A.] rossii was 41?9 mol% with a genome size of 1?8 GDa (Piechulla et al., 1985 Bisgaard, unpublished data) . Characters that separate all four taxa are stated in Table 3 . In addition, RAPD profiling seems to be a valuable tool to confirm the separation of the three species and their separation from [A.] seminis (see Fig. 1 ). However, until further information is provided, it is only possible to change the circumscription of the three species [P.] aerogenes, [P.] mairii and [A.] rossii to improve the identification of these taxa and not to name a new genus. The major changes compared to the original descriptions (McAllister & Carter, 1974; Kilian & Frederiksen, 1981; Sneath & Stevens, 1990) have been the extended number of strains characterized and different kinds of phenotypic properties evaluated. Few characters have changed compared with the original description; however, new characters useful for differentiation of the organisms have been added to the descriptions. Twelve characters (negative Gram stain, lack of motility at 22 and 37 u C, lack of growth in Simmons' citrate agar and acid formation from glucose, nitrate reduction, positive urease, negative lysine decarboxylase and gelatinase reactions and lack of acid production from dulcitol and salicin) were conserved between all three species and were in accordance with the original descriptions of McAllister & Carter (1974) and Sneath & Stevens (1990 Møller et al. (1996) and Kielstein et al. (2001) and agreement was found for 30 of 31 characters; for (2)-Dfructose, we determined a positive reaction compared with the negative result determined by Kielstein et al. (2001) . The DNA G+C content of the type strain is 41?8 mol% (Mutters et al., 1985) and the genome size is 1?6-2?0 GDa (Mutters et al., 2004) .
Emended description of [Pasteurella] mairii Sneath and Stevens 1990
[Pasteurella] mairii (mair9i.i. N.L. gen. n. mairii of Mair).
Cellular and colony morphologies are mostly as previously reported by Sneath & Stevens (1990) . Cells are small, nonmotile bacilli or coccobacilli, mostly shorter than 1 mm and not more than 0?5 mm wide, occurring singly or as filaments. Colonies on bovine blood agar are regular, circular and convex, greyish, semi-transparent and approx. 1-1?5 mm in diameter after 24 h incubation at 37 u C. Haemolysis is normally not seen but may be observed, mainly under the colonies. Cells are Gram-negative and do not show motility at 22 or 37 uC. The type strain is NCTC 10699 T (=CCUG 27189 T ), isolated from a pig fetus in the UK. The DNA G+C content of the type strain is 43?4 mol% and the genome size is 1?9 GDa (Mutters et al., 1985; Piechulla et al., 1985) .
Emended description [Actinobacillus] rossii Sneath and Stevens 1990
[Actinobacillus] rossii (ross9i.i. N.L. gen. n. rossii of Ross).
Cellular and colony morphologies are mostly as reported previously by Sneath & Stevens (1990) . Cells are mostly small bacilli, rarely coccobacilli, less than 2 mm. Colonies on bovine agar are circular, regular, convex and greyish and semi-transparent and about 1-2 mm in diameter after 24 h incubation at 37 uC. b-Haemolysis is not commonly observed. Cells are Gram-negatively stained and do not show motility at 22 or 37 uC. Hugh & Leifson fermentation test with (+)-D-glucose is positive. Symbiotic growth (NAD requirement) is negative. Porphyrin test is positive. No growth is observed on Simmons' citrate agar and acid is not formed from mucate; an alkaline reaction is not seen in malonate broth. H 2 S/TSI and KCN tests are negative. Voges-Proskauer test at 37 u C is also negative. Nitrate is reduced without gas formation. Urease and alanine aminopeptidase test are positive. Tests for arginine dehydrolase, lysine decarboxylase, ornithine decarboxylase and phenylalanine deaminase are negative. Phosphatase test is negative.
The species is gelatinase-negative and does not hydrolyse Tween 20 or 80. Pigment is not formed. Acid is not produced from meso-erythritol, adonitol, xylitol, (2) 
10801
T =CIP 102634 T ), isolated from vaginal exudates of a pig in the USA. The DNA G+C content is 39-41?9 mol% and the genome size is 2?2-2?5 GDa.
